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Abstract 
The tremendous increase in the use of mobile 
technology all over the world as an essential tool 
used in wide area in communication field that has 
lead to great details of controversial human health 
issues. 
 
This thesis is concerned with performing some 
measurement around some selected base stations 
,actually in four different situations by using RF. 
Field meter. 
 
The main purpose of these measurements is to get 
radio wave parameters (power density, electrical 
field) to calculate SAR which will be used as criteria 
of exposure assessment and compare the measured 
values to reference level of international standards 
such as ICNIRP, NRBP in order to see whether is 
there any adverse effects on health when people 
expose to radio frequencies that emitted from base 
station's antennas. 
 
The results Obtained show that the measured values 
of power density are below international standards 
safety guidelines and there is no convincing evidence 
that the radio waves radiated from base station's 
antennas have harmful effects to the human health 
as along as the measured values of power density 
are much lower than reference values of 
international standards.  
However, these results are preliminary and more 
work is needed to confirm them. 
 i
  اﻟﺨﻼﺻﺔ
  
 ﻗѧﺎد اﻟѧﻰ آﻮﺳѧﻴﻠﺔ اﺗѧﺼﺎل  ﻓﻲ اﺳﺘﺨﺪام ﺗﻘﻨﻴﺔ اﻟﻬﺎﺗﻒ اﻟﻨﻘﺎل ﻓﻲ ﺟﻤﻴﻊ اﻧﺤﺎء اﻟﻌѧﺎﻟﻢ اﻟﻤﺘﻨﺎﻣﻲان اﻟﺘﺰاﻳﺪ 
  .ﺗﻔﺎﺻﻴﻞ ﻋﻈﻴﻤﺔ ﻣﺜﻴﺮة ﻟﻠﺠﺪل ﺣﻮل اﻟﻘﻀﺎﻳﺎ اﻟﻤﺘﻌﻠﻘﺔ ﺑﺼﺤﺔ اﻟﺒﺸﺮﻳﺔ
  
  
ﺑﻌѧﺾ ﻣﺤﻄѧﺎت اﻻرﺳѧﺎل اﻟﻘﺎﻋﺪﻳѧﺔ اﻟﻤﺘﻌﻠﻘѧﺔ  ﺑﻌѧﺾ اﻟﻘﻴﺎﺳѧﺎت ﺣѧﻮل ﺑѧﺎﺟﺮاء هﺬة اﻷﻃﺮوﺣﺔ اهﺘﻤﺖ  
 ﺑﺸﻜﻞ واﻗﻌﻲ ﻓﻲ أ رﺑﻊ ﻣﻨﺎﻃﻖ ﻣﺨﺘﺎرة ﺑﺎﺳﺘﺨﺪام ﺟﻬѧﺎز ﻗﻴѧﺎس اﻟﺤﻘѧﻞ اﻟﺮادﻳѧﻮي  اﻟﻨﻘﺎل ﺑﻨﻈﺎم اﻟﻬﺎﺗﻒ 
  )retem dleif FR(. ﻳﺪﻋﻰ
  
  
اﻟﺤﻘѧﻞ ) اﻟﻤﻮﺟѧﺎت اﻟﺮادﻳﻮﻳѧﺔ ﻣﻌѧﺎﻣﻼت ان اﻟﻐﺮض اﻷﺳﺎﺳѧﻲ ﻣѧﻦ هѧﺬة اﻟﻘﻴﺎﺳѧﺎت هѧﻮ اﻟﺤѧﺼﻮل ﻋﻠѧﻰ 
  )RAS(وذﻟﻚ ﻣﻦ أﺟﻞ ﺣﺴﺎب ﻣﻌﺪل اﻣﺘﺼﺎص اﻟﻄﺎﻗﺔ ﻓﻲ ﺟﺴﻢ اﻻﻧѧﺴﺎن ( آﺜﺎﻓﺔ اﻟﻘﺪرة ،اﻟﻜﻬﺮﺑﺎﺋﻲ
اﻟﺬي ﻳﺴﺘﺨﺪم آﻤﻌﻴﺎر ﻟﺘﻘﻴﻴﻢ ﻣѧﺴﺘﻮي اﻟﺘﻌѧﺮض وﻣѧﻦ ﺛѧﻢ ﻣﻘﺎرﻧѧﺔ اﻟﻘѧﻴﻢ اﻟﻤﻘﺎﺳѧﺔ اﻟѧﻰ  اﻟﻘѧﻴﻢ  اﻟﻤﺮﺟﻌﻴѧﺔ 
هﻞ هﻨﺎك ﻧﺘﺎﺋﺞ ﻋﻜﺴﻴﺔ ﺗѧﺆﺛﺮ ﻋﻠѧﻰ   ﻣﻦ أﺟﻞ ان ﻧﺘﺤﻘﻖ )BPRN,PRINCI(ﻟﻠﻤﻌﺎﻳﻴﺮ اﻟﺪوﻟﻴﺔ ﻣﺜﻞ 
 .ﺻﺤﺔ اﻻﻧﺴﺎن ﻋﻨﺪﻣﺎ ﻳﺘﻌﺮض ﻟﻠﻤﻮﺟﺎت اﻟﻤﻨﺒﻌﺜﺔ ﻣﻦ ﻣﺤﻄﺎت اﻟﻘﺎﻋﺪة ﻟﻠﻬﺎﺗﻒ اﻟﻨﻘﺎل 
  
  
 اﻟﻤﻌѧﺎﻳﻴﺮ اﻟﺪوﻟﻴѧﺔ أﻗѧﻞ ﻣѧﻦ ﺗﻮﺿѧﺢ ان اﻟﻘѧﻴﻢ اﻟﻤﻘﺎﺳѧﺔ ﻟﻜﺜﺎﻓѧﺔ اﻟﻘѧﺪرة هѧﻲ اﻟﻨﺘѧﺎﺋﺞ اﻟﻤﺘﺤѧﺼﻞ ﻋﻠﻴﻬѧﺎان 
ﺔ ﻣѧﻦ ﻨѧﻊ ان اﻟﻤﻮﺟѧﺎت اﻟﺮادﻳﻮﻳѧﺔ  اﻟﻤﻨﺒﻌﺜѧ ﻻرﺷﺎدات اﻟﺤﻤﺎﻳﺔ وﺑﺎﻟﺘѧﺎﻟﻲ ﻟѧﻴﺲ هﻨѧﺎك دﻟﻴѧﻞ واﺿѧﺢ  وﻣﻘ 
ﺪرة هﻮاﺋﻴﺎت ﻣﺤﻄﺎت اﻟﻘﺎﻋﺪة ﻟﻬﺎ ﺗﺄﺛﻴﺮات ﺿﺎرة ﻋﻠﻰ ﺻﺤﺔ اﻻﻧﺴﺎن ﻃﺎﻟﻤﺎ اﻟﻘﻴﻢ اﻟﻤﻘﺎﺳѧﺔ ﻟﻜﺜﺎﻓѧﺔ اﻟﻘѧ 
  .أﻗﻞ ﻣﻦ اﻟﻘﻴﻢ اﻟﻤﺮﺟﻌﻴﺔ ﻟﻠﻤﻌﺎﻳﻴﺮ اﻟﺪوﻟﻴﺔ 
  
  .ﻟﺘﺄآﻴﺪهﺎان هﺬة اﻟﻨﺘﺎﺋﺞ ﺗﻌﺘﺒﺮ ﺗﻤﻬﻴﺪﻳﺔ  وﺗﺤﺘﺎج ﻟﻤﺰﻳﺪ ﻣﻦ اﻟﻌﻤﻞ 
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 Introduction 
 
A tremendous increase in mobile radio users, equipment and systems 
leads to one of the main economic forces and revenue sources of modern 
society.  Nowadays the global number of mobile phone subscribers has 
exceeded the number of fixed phone subscribers and in a few years the 
number of mobile (laptops) PC will exceed the number of fixed one. 
Recently, the global numbers of Mobile Radio equipment and users have 
each exceeded the thousand million [1], significantly increasing the 
probability and number of people exposed to non ionized radiation. The 
main sources of Radio interference and radiation effects are from 
transmitters (TX) offenders and the victims are the systems multitude of 
receivers (Rx) and individual users, who are exposed to mutual 
interference and parasitic radiations.  
 
 Objectives  
 
This thesis mainly focuses on effects of cell's base station antennas to the 
human health for safety precaution. 
  
Methodology  
 
The steps that I will use to complete this thesis are built on some 
parameters and standards which are proved and authorized in some 
situations around the World and also for prove that I will use measuring 
device to perform measurements around cells sites and then making 
analysis of gathered data for compare my results to international 
standards to determine are we complying to safety guidelines.  
 
 Thesis layout 
 
According to above mentioned I divided this thesis into many chapters. 
Chapter one will affirm the harmful effects of base station antennas and 
cell phone to the human health. This chapter included subsections, they 
are Biological Effects and Health Hazards due to Exposure to Cell Phones 
and results of some scientist's researches concerned with base stations 
adverse effects to the human health. The first section will define the 
relation between the cell's phone system and human health and the rest 
sections interpret the results of some researches concerned with adverse 
health effects when people exposure to radiated power from base station 
antennas. Chapter two is comprises some information about radio 
transmission tools used in base station site.  
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Chapter three is took in its account all relevant information about cells 
site, radio frequency planning, cell site organization and cell range. 
Chapter four is concerned with international standards and safety 
guidelines to protect human health for adverse effects when people are 
exposing to radio waves. 
 
Chapter five is about experimental procedure this include measurements 
of radiated low level RF EME by using device called RF field meter. 
Chapter six is concentrates on experimental results include numerical 
calculation of the radio signal and exposure assessment and all these are 
done under the  umbrella of a simulation program by using MATLAB 
package and I have put in my account references  levels of international 
standards such as ICNIRP and NRBP for purpose to be  compared to 
calculated  values that results from simulation program  and therefore it is 
very easy to plot relations between radiated signals parameters (power 
density, electrical field ,SAR and distance).At the end of this thesis some 
recommendations are given for public consciousness and I attached all 
references that I used during this thesis and appendixes include 
simulation program and devices for measurements. 
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 2.1 Base station antennas and human health 
From time to time the  base station antennas and mobile phones have  witnessed  great 
evolution from humble origin to the current form, according to that there is question 
poses itself that are the base station antennas and mobile phones harmful to the human 
health ?to answer this question let's to take a glance to some researches concerned with 
adverse health effects of base station antennas and mobiles phones to the human health 
after drawing the general attention of the public on Biological Effects and Health 
Hazards of mobile phones .  
 
 
2.2 Biological Effects and Health Hazards due to Exposure to Cell Phones 
It is necessary to separate between the meanings of 'biological effect' and 'health hazard' 
– not always biological effect of the fields is known to be harmful to health. A biological 
effect due to an external perturbation is, with its very definition, unnatural and thus it is 
potentially harmful. The mobile phones RF fields are not ionization. The mobile phone 
RF fields fall within the broader range (300 MHz to several GHz), and thus it can be 
characterized as nonuniform absorption by the tissues [1]. The biological effects of the 
RF fields of interest can be subdivided into: 
1. Thermal effects: that caused by heat production just like the mechanism of a 
microwave oven. 
2. Athermal effects: due to absorbed energy which cause increase in temperature, but 
one compensated by biological temperature regulating mechanisms (therefore the result 
can not be observed  as increase in temperature). 
3. Non-thermal effects: this result from amount of energy absorption too low to raise 
the temperature of the tissue and that is less than the normal biological temperature 
fluctuations. RF-fields can produce a very wide range of measurable biological effects. 
But there are others are not discovered yet.  
According to what mentioned above I will prescribe some examples of biological 
effects:-  
1. Effects on biological membrane permeability: RF-fields change the transport of 
cations through ion-channels located in biological membranes. The change in ion-
transport through the membrane can affect the membrane potential and nervous signal. 
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2. Effects on cell growth and proliferation: RF-exposures of cells have been linked to 
changes in transcription and cell proliferation checked by the incorporation of an RNA-
precursor and a DNA-precursor, respectively. RF exposure can also change cell cycle 
([2]). 
3. Cancer: many researches were not able to find a direct reason connection between 
exposure to RF-fields at a thermal or non-thermal levels and the incidence of mutation 
or cancer.. Increased incidence of cancer in controlled experiments is equivocal and 
could be linked to thermal effects ([2]). and thus  it appears that there is no statistically-
significant association between cancer and the exposure to cell phone fields. (See for 
example [3][4] and therefore  It must be emphasized that cell phones have not been in 
use long enough to allow for a "comprehensive epidemiological assessment of their 
impact on health, and I cannot, at this stage, exclude the possibility of some association 
between mobile phone technology and cancer", as stated in a review by a World Health 
Organization (WHO) expert on the subject[1]. There is also a general lack of 
understanding of the mechanism by which tumors might be initiated or promoted by RF-
fields but there are controversial results with report issued on a June 1998 by the US 
National Institute of Environmental Health Sciences that recommended the classification 
of low-frequency RF-fields as “possibly carcinogenic”. 
4. Effects on the immune system:  there are some evidence of immune system 
response similar to those resulting from thermal stress are caused by non-thermal 
exposure to RF-fields, however more research is needed. Adverse effects on the immune 
system can indirectly predispose to infection and to cancer [5]. 
5. Effects on the nervous system: there are no convincing results indicate a possible 
change in the blood-brain barrier permeability under the influence of RF-fields. Changes 
in the brain electrical activity, in the release of neurotransmitters, in melatonin secretion, 
and in the retina, iris, and corneal endothelium have been reported. The effects on the 
nervous system include (but are not limited to) well-documented behavioral, cognitive, 
[6] neurochemical, and neurological effects in humans and laboratory animals [7]. 
 
2.3 Results of some researches concerned with base stations &human health 
Cherry observes [8] that epidemiology currently identifies the Lowest Observed Adverse 
Effect Level for RF/MW as 0, 48 V/m for cancer and reproductive effects and as 0.04 
V/m for sleep disruption, learning impairment and immune system suppression.  
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 Based on the knowledge already available in 1999, cherry is affirm on science and 
consciousness that human exposure to low and high frequency EMR is increasingly at 
dangerous levels, but a threshold for adverse health effects is not known until now, and 
therefore continuous daily exposure for years to mobile phone antennas should be 
considered a serious danger for human health and therefore There is compelling and 
consistent evidence of cancer, especially leukemia.    
 
Alexander V.kramarenko and Uner Tan found one of adverse effects [9] of 
electromagnetic fields on human health and there are clearly results of this experiment. 
The Results of experiment shows that the effects of the EMFs emitted by the cell phone 
were reversible. That is, the slow waves progressively disappeared in ten minutes after 
turning off the cellular phone. The effects of EMFs on EEG were more pronounced in 
children (12 years old). Their   results clearly indicate that the cell phones may directly 
influence the human brain.  This  may  be  a  direct  influence  of  the EMFs  on  nervous  
system..  They have concluded that the EMFs emitted by cell phones may be harmful for 
the human brain. 
 
Another research was prepared by Ronni Wolf and Danny Wolf [10] the purpose of this 
research based on an epidemiologic assessment around two areas (area A n=622,)and 
(area B n=1222) to determine whether the incidence of cancer cases among individuals 
exposed to a cell-phone transmitter station is different from that expected in Israel, in 
Netanyahu, people of area A (n=622) living in the area near a cell-phone transmitter 
station for 3-7 years who were patients of one health clinic. The exposure began 1 year 
before the start of the study when the station first came into service. A second cohort of 
(n=1222) who get their medical services in a clinic located nearby with very closely 
matched, environment, workplace and occupational characteristics was used for 
comparison. They found in the area of exposure (area A) eight cases of different kinds of 
cancer were diagnosed in a period of only one year and 2/1222 rate recorded in the 
nearby clinic (area B).  
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2.4 Adaptive antenna systems 
 
Adaptive antenna systems represent an area in which considerable development efforts 
and field trials are being conducted to increase capacity in mobile communication 
networks. Ericsson has developed array antennas for use in the 900, 1800 and 1900 MHz 
frequency bands. 
 Thanks to microstrip patch elements, Butler matrices, and several dual-polarized beams, 
these antennas yield high antenna gain and excellent spatial efficiency.  
 
The rapid growth in the number of users of mobile communications means that many 
operators must find new ways of increasing the capacity of their networks. Their options 
include allocating more frequency, introducing frequency-hopping techniques, and adding 
microcells and adaptive antenna systems. 
The introduction of new frequency bands at 1800 and 1900 MHz is an example of 
allocating frequency to increase capacity. However, compared to 800 and 900 MHz 
systems, mobile communication at 1800 and 1900 MHz requires more base stations or 
greater levels of radiated power. Within the available frequency spectrum, capacity can 
be increased through the introduction of smaller cells, such as microcells, to create a 
dense network of base stations. 
Nonetheless, networks of this kind are often perceived as an aesthetic eyesore, due to the 
large quantities of associated antenna installations. Indeed, in many regions, the general 
public demand is for fewer antennas that are smaller in size and less conspicuous. 
Another problem associated with adding numerous base stations is the cost involved in 
finding new locations for the antennas and base-station cabinets. 
 Therefore, more and more operators are showing interest in adaptive antenna systems as 
a means of resolving their need for greater network capacity. Ericsson has conducted 
extensive research and development of advanced base-station antennas for mobile 
communication. 
 This work comprises both adaptive and active antenna systems. With the introduction of 
active antenna products, such as Ericsson's Maxite products, operators can now use 
small-sized base station units with high levels of equivalent radiated power (ERP) and 
low power consumption. 
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Ericsson has vast experience of array antenna products which, thanks to a superior 
design practice and the integration of antenna and electronic components, make 
attractive system solutions [11]. Product examples found in commercial and defense 
applications include * Maxite active antennas (Figure 2.1); 
 
 
 
 
 
 
 
 
Figure 2.1: Maxite active antenna and base station. 
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* the MINI-LINK family (Figure 2.2); 
 
 
 
 
 
Figure 2.2: MINI-LINK with integral antenna. 
 
 
* Erieye airborne early-warning radar (Figure 2.3); and ¥ Arthur artillery hunting radar 
(Figure 2.4). [12] 
 
2.5 Discrete base-station antennas 
Traditional installations of mobile communication base-station antennas make use of 
space-diversity techniques, which require at least two antennas pointing in the same 
direction and separated from each other by a distance of 10 to 20 wavelengths. An 
alternative to space diversity is polarization diversity, which also reduces antenna 
visibility. 
Polarization diversity increases gain through the simultaneous reception of two 
orthogonal polarized signals from a single, dual-polarized antenna. In most instances, 
polarization diversity is just as efficient as space diversity. 
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Figure 2.3: Erieye airborne early-warning radar. 
 
 
Thus, the introduction of polarization diversity means that the antenna installation may 
consist of a single antenna unit used for both transmission and reception. In addition to 
being more aesthetically pleasing, this solution is often easier and more cost-effective to 
install. Figure 2.5 shows an adaptive-antenna array installation at an existing site.  
 
In total, the site has nine sector antennas oriented in three different directions. In each 
direction, one transmission antenna and two receive antennas use space diversity. Each 
set of three antennas can be replaced with the much smaller installation of a single, 
adaptive antenna array, which yields approximately the same antenna gain and coverage 
as the traditional arrangement. 
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2.6 Adaptive antenna configurations 
 
Adaptive antenna systems offer a promising way of increasing network capacity. The 
antenna arrays in these systems have a horizontal extension that enables narrow antenna 
beams to be created in the azimuth plane. An antenna array also makes it possible to 
obtain angular resolution in the horizontal plane (azimuth angles) that can be accessed in 
order to identify the position of mobile terminals and to assess traffic distribution. 
In principle, narrow beams directed toward a mobile terminal reduce interference levels 
in the network and thereby increase capacity. With the proper choice of receiver 
algorithms, it is possible to attain a good carrier-to-interference (C/I) ratio in signals 
received from a mobile terminal. Angular directions to mobile terminals and interferers 
may also be determined, which gives sufficient information for making an intelligent 
choice of transmit beam with* high amplitude levels toward the target mobile terminal; 
and * low interference levels in other directions. 
Several methods can be used for directing radiated power from an array antenna into a 
narrow beam. The required phase front along the antenna elements that correspond to a 
scanned narrow beam can be generated either through digital beam forming in the 
transceivers or at radio frequency (RF), using passive networks or phase shifters. 
Regardless of the method used, beam forming is required to ensure phase coherency all 
the way from the beam former to the antenna elements.  
When digital beam forming is performed in the transceivers at the base station cabinet, 
the feeder cables between the cabinet and the antenna must remain in phase for their 
entire lifetime. 
 
One the other hand, a passive beamforming network at the antenna does not require 
phase coherence between the radio transmitters and the beam former, which allows the 
feeder cables to have arbitrary phase. With RF beam forming in the antenna, phase 
coherence is easily achieved, since the phase requirements only involve transmission 
lines within the antenna unit itself, as part of the standard design of an antenna array. 
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Figure 2.4: Arthur artillery hunting radar. 
 
 
One example of a passive network is the Butler matrix, which generates a set of 
simultaneous orthogonal beams from a single array antenna and minimizes beam 
forming loss. A crossover gain drop between the orthogonal beams must be considered 
in the system design. Ideally, gain at the crossover point using a Butler matrix is 3.9 dB 
less than beam peak gain. 
 
Figure 2.5: A TDMA 1900 adaptive antenna installed at a traditional three-sector site together 
With space-diversity antennas. 
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2.7 Antenna arrays 
 
Ericsson has developed two-dimensional antenna arrays for adaptive base-station 
systems. These arrays, which are developed for systems based on GSM and TDMA (IS 
136) standards, work in the 900, 1800 or 1900 MHz frequency bands. Together with 
(GSM) and (AT&T) Wireless Services (TDMA), Ericsson has conducted field trials in 
live networks to evaluate the performance of the adaptive systems. 
 The results show that adaptive antenna systems considerably increase capacity. The 
adaptive array antenna transmits and receives radio-frequency signals in directed narrow 
beams. Figure 2.6 shows a principle view of a multibeam array composed of a dual-
polarized multibeam antenna with four azimuth beams in each of two orthogonal 
polarizations. The orientation of the polarization is slant linear ±45¡. The radiating 
elements are aperture-coupled microstrip patches, located in columns spaced half 
wavelength apart.  
 
For each polarization, the radiating elements in each column are combined in a vertical 
network. One horizontal beam-forming network (that is, the Butler matrix of each 
polarization) combines the radiating element signals to beam ports: four beams with 
+45¡ polarization and four beams with -45¡ polarization. A radome is placed in front of 
the antenna to protect it from the environment. The same array antenna is used both to 
transmit and receive, and must work over the entire system frequency band. A 
broadband design of the aperture-coupled patches and feed networks makes this 
possible. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Principles of a multibeam array antenna. 
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In GSM as well as TDMA, base stations must occasionally transmit a control channel 
simultaneously over the entire sector region. 
To satisfy this requirement, a separate sector antenna function has been introduced as 
part of the adaptive antenna system. An effective solution uses an additional column of 
radiating elements next to the array antenna columns. For best results, the deviation 
between the sector antenna radiation pattern and the array antenna multibeam pattern 
must be as small as possible. 
 
Besides increased capacity, the increase in antenna gain may also be exploited to offer 
greater coverage. The gain of the GSM 900 array (Figure 2.7) is comparable to that of a 
traditional sector antenna more than twice as high. 
 
 
Figure 2.7: A GSM 900 multibeam array antenna. 
 
 
A sparse grid of elements minimizes feed network losses and coupling effects between 
radiating elements. On the other hand, to maintain control over the beam pattern at all 
beam positions, grating lobes may not be generated. 
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Figure 2.8 shows an effective element pattern layout in which the radiating element 
positions have been optimized to avoid grating lobes even at the outermost beams. The 
antennas described in this article use Butler matrices to produce horizontal beamforming 
networks. A Butler matrix has an equal number of antenna ports and beam ports. For 
each polarization, a separate Butler matrix is connected to the columns of microstrip 
patches. 
 
 By interleaving the beams of two polarizations, every other beam has the opposite 
polarization, which significantly reduces crossover depths between adjacent beams. 
Figures 2.9-2.12 show the measured radiation patterns for the GSM 900 array. In 
particular, they show the four different beams of one polarization. Figure 2.13 shows 
each of the antenna's eight beams. 
 
  
 
 
Figure 2.8: Radiating element layout of an array antenna with integrated sector antenna. 
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2.8 Improved power efficiency 
 
Mobile communication base-station cabinets have traditionally been attached to pas-sive 
antennas on a mast.  
 
To derive sufficient power radiation from these antennas, it has been necessary to use 
amplifiers with high output power and low-loss feeder cables. 
Although high-power amplifiers are relatively efficient, the overall power efficiency of a 
traditional base station is low, since a lot of heat is generated at the base-station cabinets. 
Consequently, air conditioners must be installed, further reducing the total efficiency of 
the base station. Moreover, even when low-loss feeder cables are used, a considerable  
 
 
amount of power is lost in transit to the antenna as well as in the antenna power-
combining/power-distribution network. 
A future introduction of adaptive antennas, which employ distributed power amplifiers 
along the antenna array close to the radiating elements, can greatly improve overall 
power efficiency. 
 
 
Figure 2.9: Beam radiation pattern: beam port no. 1. 
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Figure 2.10: Beam radiation pattern: beam port no. 2. 
 
 
 
 
 
Figure 2.11: Beam radiation pattern: beam port no. 3. 
 
 
 
 
 
 
 - 15 -
 
 
 
 
 
 
 
 
 
 
 
Figure 2.12: Beam radiation pattern: beam port no. 4. 
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2.9 Cell sites and coverage area 
 
This chapter included information related to base station zone called cell site. 
 In this chapter we can understand the functions of equipments of cell sites and how the 
transmission and receiver can be done. 
 
2.10 Cell sites 
 
A cell site is a low powered radio transmitter. A site consists of two Main components: 
an equipment shelter and antennas. 
 
2.11 Equipment shelter 
 
This houses the electronic equipment which processes the calls being handled by the 
site, generates the radio signals sent to the phones and listens for calls originating from 
phones. 
 
2.12 Antennas 
 
The radio signals are transmitted from specialized antennas. These May be mounted on a 
purpose-built tower or mast, or attached to existing structures. The antennas are 
designed to transmit most of the signal away horizontally, or just below the horizontal, 
rather than at steep angles toward the ground. The radio transmitters used at cell sites are 
of much lower power than those used for commercial TV and radio transmissions. At 
many cell sites, especially those covering a small area, the transmitter power is similar to 
that in the radio-telephones used in trucks and taxis. 
 
2.13 Cellular radiofrequency networks 
 
A mobile phone sends and receives information (voice messages, fax, computer data, 
etc) by radio communication. Radiofrequency signals are transmitted from the phone to 
the nearest base station and incoming signals are sent from the base station to the phone 
at a slightly different frequency.  
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Once the signal reaches a base station it can be transmitted to the main telephone 
network, either by telephone cables or by higher frequency (such as 13, 23 or 38 GHz) 
radio links between an antenna (e.g. dish) at the base station and another at a terminal 
connected to the main Telephone network. 
These microwave radio links operate at rather low power and with narrow beams in a 
direct line of sight between the antennas; so that any stray radiation from them is of 
much lower intensity than the lower frequency radiation transmitted to the phones 
Signals to and from mobile phones is usually confined to distances somewhat beyond 
the line of sight.  
They can reach into buildings and around corners due to various processes including 
reflection and diffraction, that allows the radiation to bend round corners to some 
degree, but the coverage area from a base station is partly governed by its distance to the 
antenna’s horizon. 
 
In the current GSM system a timing artifact in the signal processing within the receivers 
limits the maximum distance over which a mobile phone can be used to about 35 km (22 
miles). An ideal network may be envisaged as consisting of a mesh of hexagonal cells, 
each with a base station at its centre (Figure 3.1), but in practice the coverage of each 
cell will usually depart appreciably from this because of the topography of the ground 
and the availability of sites for the base stations.  
 
The sizes of the cells are usually less than the 35 km maximum because obstruction by 
hills, buildings and other ground features reduces the effective range. Frequencies are 
reused several cells away and the capacity of a network (the number of simultaneous 
phone calls which may be made) depends on the extent of the frequency spectrum 
available, the cell diameter and the ability of the system to work against a background of 
interference from other cells.  
 
To accommodate the steadily increasing volume of users, cell sizes have to be 
progressively reduced (for example, by using base station antennas of lower height and 
reduced power) so that the frequencies may be reused more often. Indeed in large cities, 
base stations may only be a few hundred meters apart. The 20,000 or so base stations in 
the UK. 
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  Figure 2.13: network of the base stations at the center of hexagonal cell 
 
In the GSM system, each user requires a frequency channel of bandwidth 200 kHz so 
there is a maximum of 174 channels (175 minus one needed for technical reasons) 
within the 35 MHz bandwidth of the 900 MHz band and 374 within the 75 MHz width 
of the 1800 MHz band available for allocation to network operators.  
The channels are distributed across the cells in away that allow neighboring cells to 
operate at different frequencies to avoid interference.  
Cells are very often divided into three 120 sectors with different frequencies for each.  °
These Considerations limit the number of frequency channels available to users in a 
particular sector. 
Since the wavelengths at 900 MHz are twice as long as those at 1800 MHz, they are 
better at reaching the shielded regions behind buildings, etc, as a result of diffraction 
(bending). So, to obtain the same coverage, fewer base stations and hence fewer 
channels are needed at 900 MHz than at 1800 MHz. One 2 One and Orange were in fact 
allocated 150 channels within the 1800 MHz band, and areeba Cell net and mobitel were 
allocated 113 channels within the 900 and 1800 MHz bands. 
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2.14 Cell sites organization 
 
A cell site as mentioned above a site where antennas and electronic communications 
equipment are placed to create a cell in a cellular network for the use of mobile phones.  
A cell site is composed of a tower or other elevated structure for mounting antennas, and 
one or more sets of transmitter/receivers transceivers, digital signal processors, control 
electronics, a GPS receiver for timing (for CDMA2000 or IS-95 systems), regular and 
backup electrical power sources, and sheltering. 
Cell sites are connected via copper facilities, optical fiber, or microwave. Copper 
facilities deliver (T1s or E1s), while microwave and optical fiber can offer T3s or 
Ethernet in addition to T1s or E1s. While copper facilities and optical fiber are usually 
provided usually as part of a service from the incumbent telephone company, microwave 
can be self-built by the mobile telephone company.  
Whatever the connection, the next elements in the mobile telephone network are Base 
Station Controllers (BSCs) and Radio Network Controllers (RNCs) at the mobile 
telephone switching office (MTSO). The base station controller is connected to a 
telephone switch, which is connected to the public switched telephone network (PSTN), 
while the Radio Network Controller handles 3G service, and is connected to Serving 
GPRS Support Node (SGSN), which is in turn connected to a data network, a telephone 
switch, or both. 
Synonyms for "cell site" include "cell tower" (although many cell site antennae are not 
mounted on towers), and "mobile phone mast" (British English). "Base station" is 
sometimes used as a synonym as well, but this overlooks the increasing co-location of 
multiple mobile operators, and therefore multiple case stations, at a single cell site. 
Depending on an operator's technology choices, even a cell site hosting one mobile 
operator may house multiple base stations, each to serve a different air interface 
technology (TDMA or GSM, for example). 
A controversial issue is whether there is a correlation between radio transmission and 
the risk of cancer. 
Safety regulations exist to protect the public from extensive exposure to radio waves 
emitted by cell sites [13]. 
 
2.15 Cell Site Range 
The working range of a cell site - the range within which mobile devices can connect to 
it reliably is not a fixed figure.  
It will depend on a number of factors, including :- 
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•  The type of signal in use (i.e. the underlying technology), similarly to the fact 
that AM radio waves reach further than FM radio waves. 
•  The transmitters rated power. 
•  The transmitter's height. 
•  It may also be limited by local geographical or regulatory factors and weather 
conditions. 
The maximum range of a site (where it is not limited by interference with other sites 
nearby) depends on the same Circumstances. Some technologies, such as GSM, have a 
fixed maximum range of 35 km, which is imposed by technical limitations.  
CDMA has no built-in limit, but the real limiting factor is really the ability for a low-
powered personal cell phone to transmit back to the cell site. As a rough guide, based on 
a tall site and flat terrain, it is possible to get between 50 and 70 kilometers. When the 
terrain is hilly, the maximum distance canVary from as little as 5 to 10 km to about 40 
km. [14] In practice, cell sites are grouped in areas of high population density, with the 
most potential users. Cell phone traffic through a single cell site is limited by the site's 
capacity (there is a finite number of calls that a site can handle at once), and this 
limitation is another factor affecting the spacing of cell sites. In suburban areas, sites are 
commonly spaced 2-3 km apart, and in dense urban areas, sites may be as close as 500-
1000 meters apart. 
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3.1 International standards for Protect human from  RF exposure 
In this chapter we will show what are international standards and safety guide lines to 
protect human health from adverse effects when public is expose to radio waves Around 
cell site. 
3.2 How is radio frequency radiation measured? 
RF waves and RF fields have both electrical and magnetic components. It is often 
convenient to express the strength of the RF field in terms of each component. For 
example, the unit "volts per meter" (V/m) is used to measure the electric field strength, 
and the unit "amperes per meter" (A/m) is used to express the magnetic field strength. 
Another common way to characterize an RF field is by means of the power density. 
Power density is defined as power per unit area. For example, power density can be 
expressed in terms of mill watts (one thousandth of a watt) per square centimeter 
(mW/cm2 or microwatts (one millionth of a watt) per square centimeter (µW/cm2).  
Note the use of the quantity power density, which is the rate of flow of electromagnetic 
energy per unit surface area. This quantity is particularly meaningful in the "far field" 
region of an antenna, a region where the radiation field has a plane-wave character, with 
the electric and magnetic field vectors perpendicular to each other and the direction of 
propagation of the wave and in a constant ratio (E/H = 377 ohms). It is only necessary to 
measure the electric field strength or the magnetic field strength in the "far field," since 
either one defines the other as well as the power density. Closer to an antenna, it is 
necessary to measure both electric and magnetic field strengths separately for 
comparison with the exposure limits. 
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3.3 What is SAR? 
 
The quantity used to measure how much RF energy is actually absorbed by the body is 
called the Specific Absorption Rate or SAR. The SAR is a measure of the rate of 
absorption of RF energy. It is usually expressed in units of watts per kilogram (W/kg) or 
mill watts per gram (mW/g).  
 
3.3.1 Regulations involving the Specific Absorption Rate (SAR) 
The Specific Absorption rate is a key element in the calculation of exposure limits. It is 
important to realize that SAR is a combined property of a specific tissue region exposed 
to a particular type of radiation; it is not strictly a measure of exposure. Exposure can be 
estimated from SAR only when the duration of exposure is taken into account. 
Restrictions on SAR levels are subject to regulatory considerations to prevent harmful 
exposures within 'reasonable' periods of time. For example, a whole-body SAR of 
4W/kg exposed for about 30 minutes would provoke biological and health effects 
consistent with a body temperature rise of more than 1ºC. For example, ICNIRP as well 
as the FCC sets the limit for whole-body exposure for occupationally-exposed workers 
to 0.4 W/kg (the 10th of the SAR necessary to raise the body temperature by 1ºCin 30 
min) and for the general public, a further safety margin is recommended limiting the 
exposure to one-fifth of that allowed for RF-workers, i.e. 0.08 W/kg in the frequency 
range of 10 MHz to 10 GHz. 
 
 
3.4 What levels of RF energy are considered safe? 
 
Various organizations and countries have developed standards for exposure to radio 
frequency energy. These standards recommend safe levels of exposure for both the 
general public and for workers. In the United States, the FCC has used safety guidelines 
for RF environmental exposure since 1985[15].  
 
The FCC guidelines for human exposure to RF electromagnetic fields are derived from 
the recommendations of two expert organizations, the National Council on Radiation 
Protection and Measurements (NCRP) and the Institute of Electrical and Electronics 
Engineers (IEEE).  
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In both cases, the recommendations were developed by scientific and engineering 
experts drawn from industry, government, and academia after extensive reviews of the 
scientific literature related to the biological effects of RF energy.  
 
 
Many countries in Europe and elsewhere use exposure guidelines developed by the 
International Commission on Non-Ionizing Radiation Protection (ICNIRP). The ICNIRP 
safety limits are generally similar to those of the NCRP and the IEEE, with a few 
exceptions. For example, the ICNIRP recommends different exposure levels in the lower 
and upper frequency ranges and for localized exposure from certain products such as 
hand-held wireless telephones. Currently, the World Health Organization is working to 
provide a framework for international harmonization of RF safety standards. 
 
The NCRP, the IEEE, and the ICNIRP all have identified a whole-body specific 
absorption rate (SAR) value of 4 watts per kilogram (4 W/kg) as a threshold level of 
exposure at which harmful biological effects may occur. Exposure guidelines in terms of 
field strength, power density and localized SAR were then derived from this threshold 
value. In addition, the NCRP, IEEE, and ICNIRP guidelines vary depending on the 
frequency of the RF exposure. This is due to the finding that whole-body human 
absorption of RF energy varies with the frequency of the RF signal. The most restrictive 
limits on whole-body exposure are in the frequency range of 30-300 MHz where the 
human body absorbs RF energy most efficiently. For products that expose only part of 
the body, such as wireless phones, exposure limits in terms of SAR only are specified. 
The exposure limits used by the FCC are expressed in terms of SAR, electric and 
magnetic field strength, and power density for transmitters operating at frequencies from 
300 kHz to 100 GHz.  
 
The FCC exposure limits for cell phone base station antennae (monopoles) using the 
American Personal Communication System (PCS) frequencies 1850 MHz  to 1910 MHz 
and 1930 MHz to 1990 MHz for general population/uncontrolled exposure is 1 mill watt 
per centimeter squared (mW/cm2) . 
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3.5 GSM overview 
GSM, the acronym for Global System for Mobile Communications operate in some 
countries in either the 900 MHz or 1800 MHz band. The GSM standard is now widely 
used in many parts of the world. UMTS is considered the evolutionary path from GSM 
and will be launched in Europe in a band close-by the GSM1800 frequency band. 
In the GSM system, each user requires a frequency channel of bandwidth 200 kHz, there 
is thus a maximum of 124 channels (125 minus one needed for technical reasons) within 
the maximum bandwidth of 25 MHz available for operators in the 900 MHz band. 
Concerning the 1800 MHz band, there are 374 channels available for allocation to 
network operators within the maximum possible bandwidth of 75 MHz. The channels 
are distributed across the cells in a way that allows neighboring cells to operate at 
different frequencies to avoid interference. Cells are very often divided into three 120 
degrees sectors with different frequencies for each. These considerations limit the 
number of frequency channels available to users in a particular sector. Since the 
wavelengths at 900 MHz are twice as long as those at 1800 MHz, they are better at 
reaching the shielded regions behind buildings, etc, as a result of diffraction (bending). 
So, to obtain the same coverage, fewer base stations and hence fewer channels are 
needed at 900 MHz than at 1800 MHz. 
The maximum powers that GSM mobile phones are permitted to transmit by the present 
standards are 2 W (900 Hz) and 1 W (1800 Hz). However, because of the modulation 
technique used, the average powers transmitted by a phone are never more than one-
eighth of these maximum values (0.25 W and 0.125 W, respectively) and are usually 
further reduced by a significant amount due to the effects of adaptive power control and 
discontinuous transmission. Adaptive power control (APC) means that the phone 
continually adjusts the power it transmits to the minimum needed for the base station to 
receive a clear signal. This can be less than the peak power by a factor of up to a 
thousand if the phone is near a base station, although the power is likely to be 
appreciably more than this in most situations. Discontinuous transmission (DTX) refers 
to the fact that the power is switched off when a user stops speaking either because 
he/she is listening or because neither user is speaking. So if each person in a 
conversation is speaking for about half the time, he/she is only exposed to fields from 
the phone for that half of the conversation. In summary, the largest output from a phone 
occurs if it is mainly used at large distances from the base station or shielded by 
buildings, etc. In this situation, the peak powers could approach the values of 2 W (900 
MHz) and 1 W (1800 MHz) and the average powers could approach the values of 0.25 
W (900 Hz) and 0.125 W (1800 Hz). Specific Absorption Rate (SAR) is the basis of 
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most safety standards. It is the rate of energy absorption per unit of body mass. The 
results of various published tests show that, on average, a GSM handset will sit at about 
50% of the allowable SAR limit when tested for voice applications, i.e. one timeslot in 
use. It has been recognized that in the evolution towards UMTS, the soon to be 
introduced GPRS data service using multiple GSM time slots will provide an indicator 
for the UMTS situation. If multiple timeslots are used for calls there could be a potential 
for the SAR limit in some standards to be exceeded. While GPRS is intended primarily 
for data services and the user is unlikely to have the phone against their head, relevant 
exposure standards must however be observed and this will require careful monitoring 
by the industry. 
 
 
3.5.1 Mobile handsets 
The power from a phone is transmitted by the antenna and circuit elements inside the 
handset. The antenna is usually a metal helix or a metal rod extending from the top of 
the phone. At a point 2.2 cm from an antenna the maximum peak value of the electric 
field would be 200 V/m for a 1 watt GSM1800 phone. For a 1 Watt, 1800 MHz phone 
the maximum intensity 2.2 cm from the antenna is very roughly about 200 Watts/m2 
(this is about one-quarter of the intensity of the Sun’s radiation on a clear summer day, 
although the frequency of the emission from a phone is a million or so times smaller).  
These are the fields and intensities when the antenna is a long way from the head or 
body. When the antenna is near the body, the radiation penetrates it but the fields inside 
are significantly less, for the same antenna, than the values outside. For example, the 
largest maximum fields inside the head when its surface is 1.4 cm from the antenna are 
calculated to be about three times smaller than the values given above. (The average 
field values are all appreciably less than these maximum peak values). 
Key points: 
• Peak fields within the head from a terminal could be around 60 V/meter although 
maximum average fields would be 7.5 V/m. (The exposure to general public 
ICNIRP limit at 2000 MHz is 61 V/m). 
•  
3.6 standards 
3.6.1 Western Standards 
For transmissions in the frequency range used by mobile phone services, the dosimetric 
quantity underlying most modern standards is the specific energy absorption rate (SAR). 
Also in this frequency range,the primary mechanism for biological interactions is  
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 heating. However, SAR is a fundamental dosimetric quantity not solely applicable to 
biological effects resulting from heating [17]. 
After more than 40 years of research it is generally agreed that the threshold for 
consistently observed biological effects at mobile phone system frequencies is an RF 
exposure that results in a whole body averaged SAR of 4 Watts/kg. The observed effects 
have been primarily behavioral and include reduced activity or avoidance of strong fie 
lds. Standards setting bodies usually then take a minimum safety factor of 10 so that the 
allowable SAR is 0.4 W/kg. Many standards include additional safety factors for the 
public resulting in an allowable whole body SAR limit of 0.08 W/kg. The primary 
differences among western standards are not in these basic SAR restrictions but in 
relation to the assumptions used in deriving easier to measure quantities such as power 
density. These types of SAR based restrictions are relevant to whole body exposure from 
a base station antenna. In the case of localized exposures, such as a mobile phone 
handset in use, different considerations have been used to develop partial body exposure 
limits. By considering the non-uniform nature of RF energy deposition and practical 
measure volumes the United States standards committee established a limit of 1.6 W/kg 
in a 1 g cube of tissue. By comparison, based on the ability of small volumes of tissue to 
dissipate thermal loads, the UK National Radiological Protection Board (NRPB) and the 
International Commission on Non-Ionizing Radiation Protection (ICNIRP) recommend 
a limit of 2 W/kg in a 10 g cube of tissue. The European Commission has recommended 
adoption of the ICNIRP guidelines by Member States. The ICNIRP public reference 
levels for the frequencies used by mobile phones are shown in the Table below. 
Reference levels for mobile telecommunications in the frequency range 800–1000 MHz 
are from 4 to 5 Watts /metre squared and for 1800–1900 MHz from 9 to 9.5 Watts 
/metre squared rising to 10 Watts / metre squared at 2000 MHz. 
 
Table 3.1: ICNIRP reference levels for public exposure at mobile telecommunication frequencies. 
 
Frequency(MHZ) Electrical field  
strength(V/m) 
magnetic field  
strength(A/m) 
Power density 
(watts/meter 
square) 
400-2000 1.375f1/2 0.0037f1/2 f/200 
2000-3000 61 0.61 10 
 
 
Key points: 
• Exposure limits have a built in safety factor of 10. 
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• Different values between the standards arise from interpretations necessary to 
make measurements of intensity and field. 
• The European Commission has recommended adoption of the ICNIRP guidelines 
by Member States. 
• Reference levels for mobile telecommunications in the frequency range 800–1000 
MHz are from 4 to 5 Watts /metre squared and for 1800–1900 MHz from 9 to 9.5 
Watts /metre squared rising to 10 Watts / metre squared at 2000 MHz. 
3.6.2 Eastern European Standards 
The RF exposure standards published in some former Soviet Bloc countries are based on 
reported ‘neurasthenic’ effects at low levels of exposure. This is a general term referring 
to a range of reported subjective effects such as headaches, nausea, depression, etc. The 
rationale for the former Soviet standard is poorly documented and with the political 
changes in Eastern Europe, some former Soviet Bloc countries have adopted the 
ICNIRP guidelines. Such as The actual radiated power ERP of cellular system must be 
between 0 .1 to 500 W. 
 Under the umbrella of the World Health Organization (WHO) International EMF 
Project, efforts are being made to achieve standards harmonization between easts 
European and Western standards. 
 
 
3.7 Investigation levels 
SARs are not easily measurable in living people; therefore NRPB has introduced 
Investigation levels of external electric and magnetic field strength and power density 
that may be compared directly with measured or calculated exposure levels. Compliance 
with the appropriate investigation levels in a given exposure situation ensures 
compliance with the basic restrictions; however, the investigation levels are not limits 
and exceeding them does not necessarily mean that basic restrictions are exceeded. The 
investigation levels are frequency dependent and are shown in Table 4.4 for frequencies 
greater than 12 MHz. All investigation levels are specified as root mean square (rms) 
values. 
The three parameters used for investigating compliance with NRPB guidelines are 
related to each other and in certain instances it is only necessary to measure one of them. 
During the survey work in this report, electric field strength was measured and the 
results were subsequently converted to power density as this quantity can be most 
readily used to normalize exposure to the transmitter power [16]. 
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Table 3.2: Radio frequency and microwave radiation exposure limits for member of the public as recommended by ICNIRP 
and adopted by some countries. 
Country Frequency Electrical field  
(V/m) 
Magnetic field  
(A/m) 
Power density 
(mw/cm2
USA/ANSI 100 MHz-1 GHz 61.4(f/100) 0.0163(f/100) f/100 
IEEE 1 GHz-300 GHz 194.16 0.515 10 
MALAYSIA 300 MHz-1.5 GHz 1.616f1/2 0.00433f1/2 f/1500 
MCMC 1.5 GHz-300 GHz 62 0.16 1 
 
Table 3.3 SAR limits recommended by ANSI/IEEE and ICNIRP. 
 
Organization Exposure 
characters 
Frequency range Whole –body 
average 
SAR(w/kg) 
Localized SAR 
Head(w/kg) 
Localized 
SAR(limbs) 
(w/kg) 
Occupational 100KHz-6GHZ 0.4 8 20 ANSI/IEEE 
General public 100KHz-6GHZ 0.08 1.6 4 
Occupational 100KHz-10GHZ 0.04 10 20 ICNIRP 
General public 100KHz-10GHZ 0.08 2 4 
 Table 3.4 NRPB investigation levels for exposure to electric and magnetic fields in the frequency 
range 12 MHz to 300 GHz.  
Frequency range Electrical field  (V/m) Magnetic field  (A/m) Power density 
(w/m2) 
12-200MHz 50 0.13 6.6 
200-400MHz 250f 0.66f 165f2
400-800MHz 100 0.26 26 
0.8-1.55GHz 125f 0.33f 41f2
1.55-300GHz 194 0.52 100 
 
 
3.8 Reference levels 
A system of reference levels, similar to the NRPB investigation levels, is given by 
ICNIRP and the levels reflect the factor of five difference between the public and 
occupational basic restrictions. Compliance with the reference levels ensures compliance 
with the ICNIRP basic restrictions. The reference levels for occupational exposure to 
electromagnetic fields in the frequency range 10 MHz to 300 GHz are given in Table 
4.4. Reference levels for exposure of the general public are given in Table 4.5. 
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3.9 TABLES FOR SOME INTERNATIONAL STANDARDS 
 
 
  
 
Table 3. 5 ICNIRP reference levels for occupational exposure to electromagnetic fields in the 
frequency range 10 MHz to 300 GHz  
 
Frequency range Electrical field  (V/m) Magnetic field  (A/m) Power density 
(w/m2) 
10-400MHz 61 0.16 10 
400-2000MHz 3f1/2 0.008f1/2 f/40 
2-300GHz 137 0.36 50 
 
 
 
 Table 3.6 ICNIRP reference levels for general public exposure to electromagnetic fields in the frequency range 10 MHz to 300 GHz 
 
Frequency range Electrical field  (V/m) Magnetic field  (A/m) Power density 
(w/m2) 
10-400MHz 28 0.073 2 
400-2000MHz 1.375f1/2 0.0037f1/2 f/200 
2-300GHz 61 0.16 10 
 
 
 
 
 
 
Table 3.7 NRPB investigation level and the ICNIRP reference levels for public and occupational exposures 
at the transmit frequencies of UK base stations 
Power density (w/m2) 
 
Guidelines 
TACS/GSM900 GSM1800 
NRPB (all people) 35 100 
ICNIRP workers 23 45 
ICNIRP public 4.6 9 
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4.1 Experimental procedure 
In this chapter, we will show how to perform measurement of radio frequency 
parameters (electrical field, magnetic field, power density) and thus we can calculate 
SAR. For making all these to be done we need some tools and concepts that are 
explained in details in following sections. 
 
4.2 EME Measurements 
Measurements of radiated low level RF power density is done by using RF field strength 
meter. Field strength measurements over the frequency band 5 MHz to 3 GHz and also a 
calculation of the equivalent electrical fields needs to be performed. The following 
formula enables the calculation of equivalent electrical fields to be made and assumes a 
field impedance of 377 ohm. 
 
     377dpE =      -----------------------------------------------------------  (4-1) 
 
Where E is electric field strength in volt per metre  
And pd is power density in watt per metre square 
4.3 Output from mobile phones 
The RF power from a phone is mainly transmitted by the antenna together with circuit 
elements inside the handset. The antenna is usually a metal helix or a metal rod a few 
centimeters long extending from the top of the phone. Neither type is strongly 
directional, although more power is radiated in some directions than others. At points 
2.2 cm from an antenna (the distance at which calculations were made), the maximum 
values of the electric field are calculated to be about 400 V/m for a 2 W, 900 MHz 
phone and about 200 V/m for a 1 W, 1800 MHz phone and the maximum magnetic field 
is calculated to be about 1 µ T for both phones*. For both 2 W, 900 MHz phones and 1 
W, 1800 MHz phones the maximum intensity at 2.2 cm from the antenna is very roughly 
about 200 W/m2 (this is about one-quarter of the intensity of the Sun’s radiation on a 
clear summer day, although the frequency of the emission from a phone is a million or 
so times smaller). While the maximum values of the oscillating electric fields outside the  
 
* It has already been noted that the electric and magnetic fields vary in rather complicated ways at distances from an antenna that are 
small compared with the wavelength λ of the radiation (33.3 cm at 900 MHz and 16.7 cm at  1800 MHz). Therefore detailed calculations 
are needed to obtain accurate values for the intensities and fields near to a phone and the approximate values given here are only intended 
to give indications of their size. The field values given above, when the antenna is a long way from the head or body, are from computed 
values for a particular antenna. The largest values of electric field E inside a model of a head whose surface is 1.4 cm from the antenna 
were also computed and are about 120 V/m for a 900 MHz antenna radiating 2 W and 70 V/m for a 1800 MHz antenna radiating 1 W. 
(These are obtained from their published figures of the specific absorption rates (SARs) inside the head. 
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body are a few times greater than the electric field at the surface of the Earth due to its 
static charge. This is directed towards the ground and on a fine day has a constant value 
of about 100 V/m [21]. 
 
4.4 Output from base stations 
 
The base station antennas serving macrocells are either mounted on free-standing 
towers, typically 10–30 m high, on short towers on top of buildings, or attached to the 
side of buildings. In a typical arrangement, each tower supports three antennas, each 
transmitting into a 120 sector. A large proportion of the power is focused into an 
approximately horizontal beam typically about 6 wide in the vertical direction and the 
rest goes into a series of weak beams (called side lobes) either side of the main beam. 
The main beam is tilted slightly downwards (Figure 5.1) but does not reach ground level 
until the distance from the tower is at least 50 m (usually 50–200 m). The base station 
antennas transmit appreciably greater power than the phones.  
Ο
Ο
The limit to the power is formally set by the need to avoid RF interference and defined 
by a license issued by the Radio communications Agency. This does not directly limit 
the total power emitted but does so indirectly by fixing the maximum intensity that an 
antenna can transmit into the main beam. This is done by defining the maximum 
“equivalent isotropically radiated power” (EIRP) that can be transmitted. The EIRP is 
the power that would have to be emitted equally in all directions to produce a particular 
intensity. In fact, as already noted, the antennas used are very far from isotropic, with 
most of the power being emitted into the main beam, and the ratio of the EIRP to the 
total power output is called the gain of the antenna. For a 120 sector antenna the gain is 
usually between about 40 and 60[21]. 
Ο
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Figure 4.1 Main beam from an antenna mounted on a tower. The beam is in fact less well 
Defined than that shown here and there is a series of weak side lobes either side of it 
 
 
The license sets the maximum EIRP at 1500 W per frequency channel corresponding to 
a maximum total radiated power of about 30 W per channel (= EIRP/gain). It also limits 
the number of channels per antenna to 16 (for 1800 MHz) and 10 (for 900 MHz). 
However, we have been told that in practice the number of channels is typically less than 
4 for 1800 MHz and 2 to 4 at 900 MHz (FEI, 2000), which would correspond to 
maximum radiated powers of less than 120 W and 60–120 W, respectively. Similarly, 
the total radiated power emitted from an antenna is generally limited by the 
characteristics of the equipment to somewhat under 70 W (FEI, 2000. It needs to be 
stressed that the number of channels used, and hence the total radiated power, is limited 
by technical rather than legal requirements, which would in fact permit significantly 
larger powers to be radiated. As with a phone, and for largely the same reasons, the 
average power transmitted by a base station is normally less than the maximum power, 
although in this case it could rise to the maximum at times (rather than to one-eighth of 
the peak power in the case of a phone). By the inverse square law, the maximum 
intensity in the main beam at a point on the ground 50 m from a 10 m tower carrying an 
antenna transmitting 60 W into a 120 sector is about 100 mW/m2 *. This corresponds 
to oscillating electric and magnetic fields of about 5 V/m and 0.02 
Ο
µ T, respectively, 
very roughly about 50 to 100 times smaller than those 2.2 cm from the antenna of a 
phone.  
The heating effects that these fields would produce will vary with the intensity and are 
about 5000 times smaller than the maximum value 2.2 cm from the antenna of a mobile 
phone. The RF intensity on the ground is not zero outside the main beam, because of the 
power emitted into the side lobes. Its value will depend on the design of the antenna but 
it seems unlikely that it could ever be significantly more than that within the beam. So 
the values given above should be reasonable indications of the maximum intensity and 
fields that would be present on the ground around a base station. 
 The intensity will, however, become appreciably larger as the antenna is approached, as 
it might be by maintenance workers. 
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Obsolete by the rapid development of wireless technologies. This is, indeed, a very 
complex problem given the great diversity of RF sources that are presently in operation. 
Two further properties of the electromagnetic waves emitted by both mobile phones and 
base stations, which might be of significance in their interaction with biological tissue, 
are their frequency spectrum and coherence time. The emission from a mobile phone is 
essentially at one frequency and that from a base station is at several specific frequencies 
and, in both cases, the waves have the relatively long coherence time of around 4 µ s 
(the coherence time is the average time between random phase changes, which in this 
case are the result of phase modulation. Both these properties are very different from 
those of say, the radiation from the Sun which consists of a broad spectrum of 
frequencies and electromagnetic waves with coherence times which are shorter by a 
factor of around a hundred-thousand. 
 
4.5 Field penetration into the body 
 
Radiofrequency fields penetrate the body to an extent that decreases with increasing 
frequency. To understand the effects this might have on biological tissue, the magnitude 
of the fields needs to be determined within the various parts of the body that are 
exposed. This requires knowledge of the electrical properties of the different types of 
tissue and, once this has been determined, it is possible to calculate E and B at every part 
of the body caused by a particular source of radiation such as a mobile phone. The rate 
at which the energy is absorbed by a particular mass of tissue m, is  where ρσ /2Em σ   
and ρ are, respectively, the conductivity and density of the tissue and E is the rms value 
of the electric field. The quantity is called the specific energy absorption rate or 
SAR and is measured in watts per kilogram (W/kg). It varies from point to point in the 
body both because the electric field changes with position and because the conductivity 
is different for different types of tissue [18].  
ρσ /2E
 
 
 
* If the power P were transmitted equally into all directions, the intensity at a distance r would be  (the power passes 
through a sphere of area ) which is about 2 mW/m
24/ rp π
24 rπ 2 at a point on the ground 50 m from the bottom of a 10 m tower transmitting P = 
60 W. For a 120 sector antenna with a gain of 50 the intensity at the centre of the beam rises to around  100 mW/m2. However, even 
though the intensity at a particular distance is greatest at the centre of the beam, the intensity on the ground is somewhat larger at angles 
just away from the centre since the distance from the antenna is less (see Figure 5.1). So the region of greatest intensity lies between the 
points where the centre of the main beam hits the ground and the points where the nearest edge of the beam hits the ground (for this 
purpose we define the edge as occurring at the angle at which the intensity falls by half, 3 dB). 
°
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(The density is much the same for all tissues apart from bone.) Since the average values 
of the conductivity at 900 MHz and the density of body tissue are 1 S/m and 0.001 
kg/m3, respectively, the typical value of electric field needed to produce an SAR of 1 
W/kg is about 30 V/m. (The average value of conductivity is somewhat higher at 1800 
MHz so lower electric fields, about 25 V/m, are needed).  
 
The SAR produced by a particular value of electric field is somewhat larger in children 
than in adults because their tissue normally contains a larger number of ions and so has a 
higher conductivity (Gabriele 2000). 
 
4.6 Measurements  
4.6.1 Kinds of measurement tools 
There are many devices can be used to perform measurements [see appendix A]. 
But I will use one of them called RFfield meter in this thesis. 
4.6.2 Measurements plan 
For perform measurements I will use RFfield meter as I mentioned in the last section. 
The purpose of this device for measure power density and then calculates electrical field 
and SAR for exposure assessment (compare-measured value to the values of 
international standards). Finally, I will interpret my results by using simulation program. 
 
4.6.3 Measurements analysis steps 
• Measure power density by use RF field meter. which will give us two values 
In vertical and horizontal position and thus the total power density can be 
obtained by equation Pt=Px +Py-----------------------------------------(4.2) 
 
Where Pt is total power density, Px is horizontal measured power density and        
      Py is vertical measured power density 
• Calculate electrical field  and numeric calculation can be obtained by equation 
        ηSE = ----------------------------------------------------------------(4.3) 
 
Where S is power density, E is electrical field and η intrinsic impedance of free space   
• Calculate specific absorption rate (SAR) by using this equation 
mtWcSAR ρ/)/( ∂∂= Where mρ  is the mass density of the object at that point. In this 
project, local SAR has been estimated at point on the brain as the absorber and not  
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the whole average body of a human. The local SAR is related to the internal E-field 
through following equation: 
   m
m
EpSAR ρσρ /
2==  --------------------------------------------------------- (4.4) 
Where P is absorbed power density 
σ  is conductivity 
Thus, if the E-fields, p is called absorbed power density as the letter P and the 
conductivity are known at a point inside the object, which is brain, the SAR at that point 
can easily be found . 
All the information about the dielectric and permittivity of the brain were obtained from 
Federal Communications Commission (FCC) [19] database on Tissue Dielectrics 
and shown in Table (5.1). 
• Compare the results to international standards that through table (4.1) and (4.2) in 
previous chapter(chapter 4). 
 
Table( 4.1): Tissue dielectric properties for human brain 
 
 
4.6.4 Measurement equipment and surveying procedures 
This section involves the tools used to measure the power density of radio wave signals, 
the calculation techniques that are used to derive equivalent electrical field, and the 
assessment of exposures at measurement locations. 
4.7 Instrumentation 
 RF meter Hand-held assessment probes that will be used to measure power density at 
levels comparable with the investigation/reference levels given in protection guidelines. 
The advantages of this type of equipment are that it is portable and may be suitable for 
use by non-specialists. The disadvantages are that the equipment lacks sensitivity and 
will tend to read zero at locations that are not in the immediate vicinity and directly in 
the beam of base station antennas. The equipment used for the measurements in this 
thesis consisted of a Rf field meter inside holder amounted on carrier and this holder is  
flexible to move up and down according angle delimiter for vertical and horizontal 
reading.  
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4.7.1 Measuring device  
As I mentioned above the measuring device that I will use to perform measurements is 
RF field strength power meter that detects electrical field of RF waves transmitted from 
base station antennas at the range of 5MHZ to 3GHZ and express that in the form of 
power density. 
1- Bearer  
Used to assure that user movement who is performing measurements  
 Cannot affect measurements. 
2- Angle delimiter  
This will help us to adjust the position of RFfield meter between vertical and horizontal 
level. 
3- Holder  
This holder use to confine measuring device tightly on bearer. 
 
 
4.8 Data procedures  
4.8.1 Data acquisition 
As I mentioned in last section that I will use RF field meter to measure power density  
Of radio wave transmitted from base station antenna. In this section I would like to draw 
your attention that I will perform the measuring at different distance from base station 
antennas and the start point of measuring is 10m and that will increase of the order of 
10m till 100m and story the results in tables for to be processing as following. 
4.8.2 Data processing 
4.8.2.1 Measure power density 
The power density must be measured in two position (vertical)( horizontal)and the total 
power density results from summation of values of two position.  
4.8.2.2 Calculate electrical field  
The intrinsic impedance of free space, η, was then assumed to be equal to 377 Ω so the 
following equation could be used to calculate the electrical field, E, of each signal. 
 
    ηSE =  --------------------------------------------------------------------------- (4.5) 
4.8.2.3 Calculate SAR 
The specific absorption rate can be calculated as mentioned above in section  
5.6.3 by using equation 5.4 and with reference to table 5.1 to obtain conductivity and 
mass density which they provide us the actual value of SAR.  
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4.8.2.4 Exposure assessment 
 
For exposure to radio waves emitted at a single frequency, a dimensionless quantity 
known as the exposure quotient may be calculated [20]. This exposure quotient is 
expressed in terms of the measured power density S and the power density 
investigation level S (threshold level of ICNIRP) using the relation 
meas
 inv 
 
 
----------------------------------------------------------(4.6) 
 
 
4.9 Experimental set up 
 
The following figure shows the different positions in distance of cell site to measure 
power density by using RF field meter within range (3-100m). 
 
 
 
 
Figure 4.2 Experimental set up to perform measurements 
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5.1 Calculations of exposure 
There are many different methods can be used to calculate the 
exposure of a person around transmitting antenna are possible.  
generally, four different calculation approaches will be 
mentioned here and results will be presented based on the last of 
four. These methods are:- 
5.1.1 Far-field power density calculation 
If the total power of an antenna is known as well as the antenna gain, it is 
possible to calculate the power density in the main beam by assuming an 
inverse square law dependence upon distance at all distances from the 
antenna. The following equation may be used to calculate power density, 
S, in this way. 
     24 d
pS Gradπ
×=  ------------------------------------------------------------ (5.1) 
  
Where d is the distance from the antenna, P  is the total radiated 
power and G is the antenna gain (in linear units). 
rad
5.1.2 Near-field power density evaluation 
a near-field calculation is able to evaluate the precise variation of power 
density (or field strength) at all distances and in all directions from an 
antenna. If field strength is measured close to an antenna, calculations 
accounting for the near-field character of the antenna should be in good 
agreement. 
5.1.3 Direct SAR evaluation 
this approach is to carry out SAR evaluation through measurement by 
producing a physical model of the human body and placing this in the 
field of the real antenna. Small field probes can be implanted inside the 
physical model and, if sufficiently sensitive for the powers transmitted, 
these can be used to measure the SAR that is produced. 
5.1.4 Predicted compliance distances 
The general approach to evaluating compliance distances is to calculate 
the variation in some measure of exposure (field strength, power density 
or SAR) in the space around an antenna. The distance is then ascertained 
at which the appropriate guideline value is met. 
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5.2General method 
An approach that will be used to perform measurements is to measure 
power density at first by using RF field meter and then from calculation 
we can obtain the electrical field and SAR. The last has significant 
meaning on exposure assessment which will help us to determine the 
amount of absorbed energy to the human body tissue .After that I will 
compare the empirical results to the reference level of international 
standards, but I will take in my account in this thesis measured power 
density versus distance to be compared. Measurements are certainly 
focuses on Khartoum city in three different locations and also there is one 
on another state. The places of my interest are (Al-mogran,Al-remella and 
faculty of science of university of AL-Neellin)in Khartoum city and all 
these locations are named as (cell A ,cell  B and cell C)  respectively, and 
the  remain is hasahissa city named as cell D .  
 
5.3 acquired data analysis  
Now all collected data are put in a table, which contains four columns: 
the distance, Power density, electrical field and SAR and eleven  rows 
representing the values of four column ,all these stuck on four different 
locations(cells) tables(6.1),(6.2),(6.3)and(6.4)for cells (A,B,C,D) 
respectively. 
 
Table 5.1: measured power density and calculated electrical field and SAR values at cell A 
(Al-mogran). 
 
Distance m Power density 
2/ cmwµ 
Power 
density w/m2 
* 
Electrical 
field 
v/m**  
SAR w/kg 
*** 
3 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
 
3.636
2.008
1.54 
0.828
1.1 
0.804
2.06 
1.572
3.172
5.774
3.184
 
0.0364 
0.0201 
0.0154 
0.0083 
0.0110 
0.0080 
0.0206 
0.0157 
0.0317 
0.0577 
0.0318 
3.7024 
2.7514 
2.4095 
1.7668 
2.0364 
1.7410 
2.7868 
2.4344 
3.4581 
4.6656 
3.4646 
0.0102 
0.0056 
0.0043 
0.0023 
0.0031 
0.0023 
0.0058 
0.0044 
0.0089 
0.0162 
0.0089  
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Table 5.2: measured power density and calculated electrical field and SAR values at cell B 
(Al-remella). 
 
Distan
ce m 
Power density 
2/ cmwµ 
Power 
density 
w/m2
Electrical 
field 
v/m 
SAR w/kg 
3 
10 
20 
30 
40 
50 
60 
70 
80 
90 
10
0 
 
0.521
0.121
0.300
0.355
0.66
0.62
0.485
0.69
0.38
0.285
0.405
 
0.0052 
 0.0012 
  0.0030 
   0.0035 
   0.0066 
   0.0062 
   0.0049 
   0.0069 
   0.0038 
0.0028 
 0.0041 
1.4015 
0.6754 
1.0635 
1.1569 
1.5774 
1.5289 
1.3522 
1.6129 
1.1969 
1.0366 
1.2357 
0.0015 
0.0003 
0.0008 
0.0010 
0.0019 
0.0017 
0.0014 
0.0019 
0.0011 
0.0008 
0.0011 
 
 
 
 
Table 5.3: measured power density and calculated electrical field and SAR values at cell C 
(faculty of science  of university of AL-neelin). 
 
Distance m Power density 
2/ cmwµ 
Power 
density 
w/m2
Electrical 
field 
v/m 
SAR w/kg 
3 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100
0.31 
7.45 
7.89 
7.57 
12.39
2.69 
2.15 
4.92 
4.26 
12.09
2.92 
0.0031 
0.0745 
0.0789 
0.0757 
0.1239 
0.0269 
0.0215 
0.0492 
0.0426 
0.1209 
0.0292 
1.0811 
5.2997 
5.4539 
5.3422 
6.8345 
3.1845 
2.8470 
4.3068 
4.0075 
6.7512 
3.3179 
0.0009 
0.0209 
0.0221 
0.0212 
0.0348 
0.0075 
0.0060 
0.0138 
0.0120 
0.0339 
0.0082 
 
 
 
 
 
 
 
 - 44 -
 
 
 
 Table 5.4: measured power density and calculated electrical field and SAR values at cell 
D(AL-hasahissa). 
 
Distance 
m 
Power density 
2/ cmwµ 
Power 
density 
w/m2
Electrical 
field 
v/m 
SAR w/kg 
3 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100
3.044 
9.908 
1.24 
8.108 
4.628 
4.428 
1.892 
0.636 
1.208 
2.264 
3.108 
0.0304 
0.0991 
0.0124 
0.0811 
0.0463 
0.0443 
0.0189 
0.0064 
0.0121 
0.0226 
0.0311 
3.3876 
6.1117 
2.1621 
5.5288 
4.1770 
4.0858 
2.6707 
1.5485 
2.1340 
2.9215 
3.4230 
0.0085 
0.0278 
0.0035 
0.0227 
0.0130 
0.0124 
0.0053 
0.0018 
0.0034 
0.0064 
0.0087 
 
*measure power density (RF field meter). 
** electrical field is calculated using equation (5.1) in previous chapter(chapter 5). 
** SAR is calculated using equation (5.4). 
 
5.4 Simulation program   
The simulation program that is used in this thesis are  written by use 
of Matlab program. All parameters (power density, electrical field 
,SAR) related to RF exposure will be calculated step by step and also 
exposure assessment is also included .see appendix B part1 to see 
simulation program code. 
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5-5 Discussion of Results  
 
Before I begin my discussions about my experimental results let us take a 
glance to figure 5.1 in chapter 5 which will shows that the base station 
antennas a mounted on towers, typically 10–30 m high, on short towers 
on top of buildings, or attached to the side of buildings, each tower 
supports three antennas, each transmitting into a 120 sector. A large 
proportion of the power is focused into an approximately horizontal beam 
typically about 6 wide in the vertical direction and the rest goes into a 
series of weak beams (called side lobes) either side of the main beam. 
The main beam is tilted slightly downwards but does not reach ground 
level until the distance from the tower is at least 50 m (usually 50–200 
m). The base station antennas transmit appreciably greater power than the 
phones. 
Ο
Ο
Above all mentioned the amount of the power density must to be 
undergoing to some factors such as the reflected waves and antenna 
height and the distance between antenna and measurement points, in 
other words. Reflections may increase or decrease the power density if 
the path length traveled by a reflected wave is comparable with the direct 
distance to an antenna. The most likely situation where this could occur 
would be where a wave was reflected from the ground. Reflections would 
be expected to increase the electric field strength by a factor of up to two, 
thus the total power density would be increased by a factor of up to four.  
 
In addition, the power that is fed into the base station antenna is projected 
into a radio wave traveling away from the tower and the strength of this 
radio wave decays with distance from the antenna According to the 
inverse square law. When considering the heights at which antennas tend 
to be mounted, this implies that the main beam from base station antennas 
would be expected to reach ground level typically between 50 and 200 m 
from the foot of a mast. The antennas used with microcellular base 
stations have much broader beams in the plane of elevation because they 
are intended to communicate over much shorter distances and thus there 
are  much lower radio wave strengths are found at the foot of a mast than 
at distances of around 100 m from the mast therefore Typically the power 
in the downwards direction is at least a hundred times weaker than in the 
main beam at the same distance from antennas. Now let us to discuss my 
results as following for each cell individual :- 
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5.6 outputs of simulation program 
5.6.1- Command windows (matlab execution page) 
To see  outputs of simulation program on command windows  see 
appendix B part 2 which will provide us all relevant information during 
data processing step by step such as enter the value of distance , power 
density  and calculate electrical field ,SAR and also the procedures to 
make exposure assessment . 
 
5.6.2-Simulation program results and discussions    
All the following figures are concerned with the relation between power 
density and distance for all cells respectively. 
 
 
 
 
Figure 5.1: variation of power density as function of distance from the receiving antenna at 
site A (Al-mogran) 
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1-Cell A discussion (AL-mogran) 
With reference to figure 7.1 which show the relation between power 
density  and distance  and indicates there is  a large amount of power 
density is measured at distance 90m from tower which represent about 
1.2552 % of reference level value (4.6 w/m2) ICNIRP so it is too low .My 
measurement around cell A showed that the power density at distance 3m 
realized high reading  Under certain  tolerance with comparing to other 
point (neighboring points) after that the power density decays  until reach 
value (0.0080) at distance far About 30 m ,with progress there is 
exceptional value at distance 40m which it is a large than next value at 
distance 50 that may be belong to that the signal strength is reduced in 
this  point due to reflected wave shorter than   directed wave from tower, 
at distance 50 the amount of power density begins to increase until reach 
the value(1.25%) and then drop to 0.0318   this drop may be  due to that 
the beam width of BSS antenna became a weak . 
  
 
 
 
Figure5.2:  variation of power density as function of distance from the receiving antenna at 
site B (Al-remella).  
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2- Cell B discussion (AL-remella) 
With reference to figure 7.2 which shows that the power density at 
distance 3m is somewhat close to be high if it compared to other 
measured values at distance (70, 50, 40).with progress on trace the power 
density drop to lowest value at distance 10 that due to  RF signal reflected 
before reach distance 10m and I observed that the BSS antenna amounted 
on the tower is established in center of building that may cause this drop 
therefore, intended wave reflected from building felt  in other point. After 
that the power density is going to increase until reach to distance 40m 
after that the amount of power density decays to 0.0062 at distance 50m 
and 0.0049 at distance 60 after that my measurements  recorded large 
value with compared to other point this value is 0.0069 it may be due to 
that the beam width of BSS antenna  has very intensity , after that the 
amount of power density collapse at distance 80,90  but there is 
exceptional point  at distance 100m that due to that the field strength is 
too low that depends on that the tower is very high which cause that 
reflected wave can not be  comparable to directed wave at this point. 
 
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure5.3:  variation of power density as function of distance from the receiving antenna at 
site C (science college of AL-neelin university). 
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3- Cell C discussion (faculty of science) 
With reference to figure 7.3 which indicates that the power density at 
distance 3m recorded lowest value that due to some of power disturbed 
by building. With progress on trace now, the power density rapidly 
increased to high value with compare to preceding one which reach to 
0.0745 at distance 10 and coming to increasing until drop at distance 60 
after this point the power density will be increased till distance 90 m after 
that the power density will be collapsed abruptly to 0.0292 it may due to 
a weak of beam width of the BSS antenna. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure5.4:  variation of power density as function of distance from the receiving antenna at 
site D (Al-hashissa). 
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4-cell D discussion (AL-hasahissa) 
with reference to figure  7.4 of cell d which shows that the power 
density at distance 3m is 0.030 which is lower than next value at next 
distance actually at distance 10 and then the value will decay to 
distance 20 after this the amount of power density is going to increase 
until reach the value 0.0811 at distance 30 after this the collapse  will 
be occurred and remain till reach the value 0.0064 this collapse 
because we are still below the  zone of beam width intensity but in this 
zone the power density will be increasing until reach the distance 100. 
 
 
5-7 conclusion 
My obtained results which are graphically represented in figures 
(7.1)(AL-mogran area),(7.2)(AL-remella),(7.3)(faculty of science of 
university of neelin) and (7.4)(AL-hashissa) are shown that the largest 
value of power density measured is in faculty of science which 
recorded 0.1239 at distance 40m and thus SAR value is 0.0348. 
 
The two values of power density and SAR are below international 
standards of ICNIRP (4.6 w/m2) power density and (4w/kg) SAR. 
 
These values represent 2.693%of ICNIRP power density threshold  
and 0.87%of ICNIRP SAR threshold. Therefore, my results are too 
     less than reference level of ICNIRP. 
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6.1 Conclusion  
This thesis concentrates on perform measurements of RF field 
around cell site and make comparison to international standards. 
 
During this thesis, I took care about some researches related to 
base station's antennas and human health and the technical 
design of cell site and some information about RF field 
parameters and also draw the public attention about the fact of 
mobile technology. All my results obtained are simulated by 
using matlab packages.   
 
My experimental results on measurements field related to power 
density in vicinity of four cells around Khartoum area (SD) are 
shown that the measured power density are below international 
standards safety levels.  
 
An international standard that I used in this thesis is ICNIRP 
which is defined the threshold level of power density to be (4.6 
w/m2).     
According to what mentioned above in wide sense there is no  
dangerous levels can cause harmful effects to human health but 
that based on my results .perhaps there are critical levels are still 
out of vision and not discovered yet that mean the power density 
in certain range below threshold of international standards can 
cause adverse health effect. 
As summarize to what are wrote above let me to say there is no 
convincing evidence that the base station antenna has harmful 
effect to human health and also we need more investigation on 
measurements field and cooperative between medicine 
researches (to discover the nature of disease owing to an 
external influences (RF signals)and engineering researches to 
reduce these influences that stuck on change or modify the 
design which will lead us to safety land.   
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Recommendations     6.2  
 
 
1- recommendations with respects to this thesis. 
 
One of most problems that I have encountered in this thesis 
is unavailability of measuring device in university of 
Khartoum and NTC of Sudan, my sincerely thanks to 
university of nellin (faculty of science) they provided me RF 
field meter. I borrowed this device for five days under their 
supervision and I made measurements in three locations 
around Khartoum area and one obtained from them. 
Unfortunately, the time was not enough to make more. 
Therefore, I was preferred to use two measuring devices 
instead of one that will let me make comparable between 
results and obtain precisely values and also increase the 
number of measurement's locations. I left this to be 
considered by other researcher concerned with this cause. 
 
2-recommendations with respect to mobile phone and 
base station. 
 
• Promote caution in the use of cell phones until they 
have been proven safe. 
• Promote the avoidance of cell phone use in closed 
metallic environments (cars, buses, elevators, etc.) until 
the reinforcement of the exposure from the reflected 
field is determined. 
• Draw the public awareness the 'common sense' basis 
for reducing exposure: 
a.  Choose the cell phone with lowest output power. 
b.  Maximize the distance between the body and the 
transmitter. 
c.  Minimize the time spent in the RF field by limiting the 
use of cell phones to short communications and 
emergencies - avoid long conversations and frequent 
use. 
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• Reduce the number of base stations in density area by 
using other technical which will provide us (increase 
number of calls ,coverage area, capacity) such as 
[tower mounted amplifier TMA]  or increase spectrum 
frequency or gain. 
• Promote research that explores the role of the 
rechargeable battery and other electrical components of 
the cell phone (other than the antenna) in emitting 
extremely low frequency RF-fields. 
• Base stations Tx radiated power levels are significantly 
higher than handset ones, Therefore, in almost all cases 
the people exposed to base station effects are located in 
far field radiation zone, where the radiated power 
density levels decrease usually at the square of the 
separation distance. The energy efficiency and capacity 
of base stations can be enhanced by using segment 
directional antennas instead of omni-directional one. A 
better solution is the recent use of smart antenna arrays 
which require also intelligent signal processing units. 
The smart antenna concentrates the energy transmission 
towards the desired mobile Rx "M"and reduce 
significantly interference "I" from near Transmitters 
(Tx) and thus that will decrease the required base 
station TX power . 
• The measurements and simulation results show that 
30% up to 70% of the transmitted power from ordinary 
handset is absorbed in the user head[20], hand or body 
due to the very small distances and strong interactions. 
At these small distances of a few cms in the reactive 
near field zone of the antenna, strong coupling and 
loading occur between the antenna and the user's head. 
One of the most recent mitigation techniques is used to 
reduce the coupling between antenna and head is 
named R95 it is significantly increases antenna 
efficiency and reduces drastically the SAR to the user 
head due to the distance between antenna and user' 
head is 8-16 cm longer than preceded ones.    
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CELL MASTER MT8212B 25 MHz to 4.0 GHz 
APPENDIX A (list of devices) 
 
Cell Master - Cable, Antenna and Base Station 
Analyzer MT8212B 
(25 MHz to 4000 MHz) 
 
 Cell Master MT8212B is a comprehensive, one-box 
base station test tool 
Feature 
 for deploying, maintaining and troubleshooting 
wireless base stations. Combining the functionality 
of a cable and antenna analyzer (25 MHz to 4000 
MHz), spectrum analyzer (100 kHz to 3.0 GHz), 
power meter (4.5 MHz to 3.0 GHz), transmitter 
analyzer(CDMA and GSM), transmission analyzer 
for 2-port devices, interference analyzer, channel 
scanner, GPS receiver and T1/E1 analyzer into one 
lightweight, handheld test set - eliminates the need 
for field engineer and field technician to carry, 
manage and learn multiple test setsand no need 
power sensor. 
Application 
Measure RF SIGNALS electrical field and power 
density of BSS ANTENNAS  
Company Web page: http://www.anritsu.co.jp 
Cost: 
Distribution point: 
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Measurements devices for measure RF signals 
• Narda safety test solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 SRM-3000 (100 kHz – 3 GHz) 
Frequency-selective field strength measuring system for rapid, reliable 
safety assessments 
Features 
• Easy to use, e.g. antenna and cable detected automatically, 
results shown directly  
• High radiation immunity allows on-site use  
• Isotropic (non-directional) measurement  
• Short sweep times for rapid measurements  
• Everything included in one instrument:  
? Broadband measurement (integration over frequency 
band)  
? Spectrum analysis (from long-wave to UHF)  
? Code-selective measurement (demodulation of UMTS 
P-CPICH pilot channels) 
Applications 
Transmission installations  
(RFID, Personal Communication System, Specialised Mobile 
Radio) 
Measurement 
task: 
In the near field area, E- and H-fields must be 
measured separately. Several antennas situated 
close together often emit different frequencies. 
Shaped probes make measurement considerably 
easier. 
Frequency 
range: 
30 MHz ... 3 GHz 
Company web page: http://www.narda-sts.com 
Cost: 
Distribution point: Distribution point: Step Ahead Elec. Ware Trading 
Dubai Office 
P.O.Box 26073 
Dubai 
United Arab Emirates  
Tel.: +971 43619264 
Fax : +971 43619263 
Email: Hans-Joerg.Schlueter@t-online.de  - 61 -
 
R&S® FSH6 (model .06) Handheld Spectrum Analyzer 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
It can be merged with other devices to obtain Accurate measurements of electromagnetic 
 
 
 
 
 
fields caused by transmitter systems 
 
 
 
 
 
Features  
-precision, cost-effective signal investigations from 
Field strength Measurement 
When measuring electric field strength, the R&S FSH takes into 
ield 
 
ompany web page: http://www2.rohde-schwarz.com 
3 2035  
-Mail: rs-ksa@rohde-schwarz.com
Rapid, high
100 kHz to 6 GHz 
Applications 
account the specific antenna factors of the connected antenna. F
strength is displayed directly in dBµV/m. In addition, frequency-
dependent loss or gain of, for example, a cable or an amplifier can be 
corrected. For quick and easy result analysis, the R&S FSH provides 
two user-definable limit lines with automatic limit monitoring. 
C
Distribution point : : Rohde & Schwarz Emirates L.L.C.  
Liaison Office Riyadh 
 
Saudi Arabia 
 
Phone: +966 - 1-29
Fax:       +966 - 1-466 1657  
 
E  
ost : 450,00 EUR 
 
C
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SPECTRAN® 60xx spectrum analyzer 
 
SPECTRAN® HF-6060 Rev. 2 (1MHz to 
6GHz) 
ded range, high accuracy and yet again enhanced 
 including 256 point FFT. THE affordable solution for 
roblems 
 
e 
smog.com/
Feature 
measurement up to 6GHz. 
Vastly exten
functionality
analysis of any kind of EMC p
help to measure field strength and signal strength and exposure
level from bss antennas. 
Application 
Mobile communicagtion, mobile phone 
microwavBluetooth,
Company web page: http://www.electro  
str. 14 
56-93034 
unications, mobile phones, UMTS, 
obile phones, UMTS, DECT phones, 
Cost: € 799,95 
Distribution point: Aaronia AG 
Kauthenberg
DE-54597 Strickscheid 
Germany 
Fone +49-6556-93033 
Fax +49-65
Measurement of radar, mobile comm
DECT phones, 
of radar, mobile communications, m
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RF Field Strength Meter
 
 
 
 
Feature 
Technically a "power density" meter, the RF Field 
 Meter detects the electric field of radio 
ile wirless 
A) 
d.com 
Strength
and microwaves (RF) from .5 MHz to 3 GHz, and 
expresses the field strength as power density 
(.001 to 2000 microwatts/cm2). 
Applications 
Mobile phone .microwave and mob
(BSS ANTENN
COMPANY WEB PAGE: http://www.trifiel
COST: $320 
DISTRIBUTION POINT: Call from (USA 
and Canada) 1-800-658-7030 
(Elsewhere, dial *) 801-487-9492 
Fax: 801-487-3877 
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'NUMERICAL CALCULATION' 
 
'the first step is enter the values of distance in form of matrix for all cells' 
DISTANCEA  =[3 10 20 30 40 50 60 70 80 90 100] 
DISTANCEB  =[3 10 20 30 40 50 60 70 80 90 100] 
DISTANCEC  =[3 10 20 30 40 50 60 70 80 90 100] 
DISTANCED  =[3 10 20 30 40 50 60 70 80 90 100] 
'the SECOND step is enter the values of POWER DENSITY in form of matrix for all 
cells' 
POWERDENSITYA =[3.636 2.008 1.54 0.828 1.1 0.804 2.06 1.572 3.172 5.774 
3.184] 
POWERDENSITYB =[0.521  0.121 0.300 0.355 0.66 0.62 0.485 0.69 0.38 0.285 
0.405] 
POWERDENSITYC= [0.31 7.45 7.89 7.57 12.39 2.69 2.15 4.92 4.26 12.09 2.92] 
POWERDENSITYD= [3.044 9.908 1.24 8.108 4.628 4.428 1.892 0.636 1.208 2.264 
3.108] 
'the THIRD step is  to convert  the values of POWER DENSITY of all cells from  
(µw/cm^2) to (w/m^2) in form of matrix for all cells' 
POWERDENSITYAW =(POWERDENSITYA ./100) 
POWERDENSITYBW =(POWERDENSITYB ./100) 
POWERDENSITYCW =(POWERDENSITYC ./100) 
POWERDENSITYDW =(POWERDENSITYD ./100) 
elecfieldA = sqrt(POWERDENSITYAW.*377) 
elecfieldB = sqrt(POWERDENSITYBW.*377) 
elecfieldC = sqrt(POWERDENSITYCW.*377) 
elecfieldD = sqrt(POWERDENSITYDW.*377) 
SARA=((elecfieldA.^2)*(.7665)/1030) 
SARB=((elecfieldB.^2)*(.7665)/1030) 
SARC=((elecfieldC.^2)*(.7665)/1030) 
SARD=((elecfieldD.^2)*(.7665)/1030) 
'calculations of expouser asssessment' 
 
for i= 1:11 
     
y = POWERDENSITYAW(:,i) 
z=y/4.6;%the ICNIRP reference levels for public 
if((y<4.6)) 
    
    sprintf('%0.5g',z*100)% calculate expouser level&  Insignificant zeros do not print. 
     disp('the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY**')  
else disp('the value is more than limited value of expouser level ** see above result 
FOR POWER DENSITY**') 
end     
end 
for i= 1:11 
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y = POWERDENSITYBW(:,i) 
z=y/4.6;%the ICNIRP reference levels for public 
if((y<4.6)) 
    
    sprintf('%0.5g',z*100)% calculate expouser level&  Insignificant zeros do not print. 
     disp('the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY**')  
else disp('the value is more than limited value of expouser level ** see above result 
FOR POWER DENSITY**') 
end     
end 
for i= 1:11 
     
y = POWERDENSITYCW(:,i) 
z=y/4.6;%the ICNIRP reference levels for public 
if((y<4.6)) 
    
    sprintf('%0.5g',z*100)% calculate expouser level&  Insignificant zeros do not print. 
     disp('the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY**')  
else disp('the value is more than limited value of expouser level ** see above result 
FOR POWER DENSITY**') 
end     
end 
for i= 1:11 
     
y = POWERDENSITYDW(:,i) 
z=y/4.6;%the ICNIRP reference levels for public 
if((y<4.6)) 
    
    sprintf('%0.5g',z*100)% calculate expouser level&  Insignificant zeros do not print. 
     disp('the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY**')  
else disp('the value is more than limited value of expouser level ** see above result 
FOR POWER DENSITY**') 
end     
end 
 
 
 
 
h = STEM(DISTANCEA,POWERDENSITYAW,'fill','--')   % plots the data sequence 
as stems & %specifies whether to color the circle at the end of the stem.   
set(get(h,'BaseLine'),'LineStyle',':')% returns all properties of the graphics object 
identified by the handle h and their current values. 
set(h,'MarkerFaceColor','red') 
 
hold on  
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plot(DISTANCEA,POWERDENSITYAW,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',4) 
hold on 
grid on 
plot([1 :100],0.07,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',2) 
text(30,0.067,'(4.6 W/m^2)\leftarrow ICNIRP refrence level 
\rightarrow','FontSize',13) 
Ylim ([0 .08]) 
Xlim([3 100]) 
Ylabel('power density( W/m^2)') 
Xlabel('distance (m)') 
title('***plot power density versus distance***') 
LEGEND('DATA',  'refrence level ICNIRP') 
 
figure; 
plot(DISTANCEA,POWERDENSITYBW,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',4) 
hold on 
grid on 
plot([1 :100],0.02,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',2) 
text(30,0.025,'(4.6 W/m^2)\leftarrow ICNIRP refrence level 
\rightarrow','FontSize',13) 
Ylim ([0 0.08]) 
Xlim([3 100]) 
Ylabel('power density( W/m^2)') 
Xlabel('distance (m)') 
title('***plot power density versus distance***') 
LEGEND('DATA',  'refrence level ICNIRP') 
figure; 
plot(DISTANCEA,POWERDENSITYCW,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',4) 
hold on 
grid on 
plot([1 :100],0.14,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',2) 
text(30,0.15,'(4.6 W/m^2)\leftarrow ICNIRP refrence level \rightarrow','FontSize',13) 
Ylim ([0 0.2]) 
Xlim([3 100]) 
Ylabel('power density( W/m^2)') 
Xlabel('distance (m)') 
title('***plot power density versus distance***') 
LEGEND('DATA',  'refrence level ICNIRP') 
figure; 
plot(DISTANCEA,POWERDENSITYDW,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',4) 
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hold on 
grid on 
plot([1 :100],0.15,'--
rs','linewidth',2,'MarkerEdgeColor','k','MarkerFaceColor','g','MarkerSize',2) 
text(30,0.165,'(4.6 W/m^2)\leftarrow ICNIRP refrence level 
\rightarrow','FontSize',13) 
Ylim ([0 0.3]) 
Xlim([3 100]) 
Ylabel('power density( W/m^2)') 
Xlabel('distance (m)') 
title('***plot power density versus distance***') 
LEGEND('DATA',  'refrence level ICNIRP') 
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ans = 
 
NUMERICAL CALCULATION 
 
 
ans = 
 
the first step is enter the values of distance in form of matrix for all cells 
 
 
DISTANCEA = 
 
     3    10    20    30    40    50    60    70    80    90   100 
 
 
DISTANCEB = 
 
     3    10    20    30    40    50    60    70    80    90   100 
 
 
DISTANCEC = 
 
     3    10    20    30    40    50    60    70    80    90   100 
 
 
DISTANCED = 
 
     3    10    20    30    40    50    60    70    80    90   100 
 
 
ans = 
 
the SECOND step is enter the values of POWER DENSITY in form of matrix for all 
cells 
 
 
POWERDENSITYA = 
 
  Columns 1 through 9  
 
    3.6360    2.0080    1.5400    0.8280    1.1000    0.8040    2.0600    1.5720    3.1720 
 
  Columns 10 through 11  
 
    5.7740    3.1840 
 
 
POWERDENSITYB = 
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  Columns 1 through 9  
 
    0.5210    0.1210    0.3000    0.3550    0.6600    0.6200    0.4850    0.6900    0.3800 
 
  Columns 10 through 11  
 
    0.2850    0.4050 
 
 
POWERDENSITYC = 
 
  Columns 1 through 9  
 
    0.3100    7.4500    7.8900    7.5700   12.3900    2.6900    2.1500    4.9200    4.2600 
 
  Columns 10 through 11  
 
   12.0900    2.9200 
 
 
POWERDENSITYD = 
 
  Columns 1 through 9  
 
    3.0440    9.9080    1.2400    8.1080    4.6280    4.4280    1.8920    0.6360    1.2080 
 
  Columns 10 through 11  
 
    2.2640    3.1080 
 
 
ans = 
 
the THIRD step is  to convert  the values of POWER DENSITY of all cells from  
(µw/cm^2) to (w/m^2) in form of matrix for all cells 
 
 
POWERDENSITYAW = 
 
  Columns 1 through 9  
 
    0.0364    0.0201    0.0154    0.0083    0.0110    0.0080    0.0206    0.0157    0.0317 
 
  Columns 10 through 11  
 
    0.0577    0.0318 
 
 
POWERDENSITYBW = 
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  Columns 1 through 9  
 
    0.0052    0.0012    0.0030    0.0035    0.0066    0.0062    0.0049    0.0069    0.0038 
 
  Columns 10 through 11  
 
    0.0028    0.0041 
 
 
POWERDENSITYCW = 
 
  Columns 1 through 9  
 
    0.0031    0.0745    0.0789    0.0757    0.1239    0.0269    0.0215    0.0492    0.0426 
 
  Columns 10 through 11  
 
    0.1209    0.0292 
 
 
POWERDENSITYDW = 
 
  Columns 1 through 9  
 
    0.0304    0.0991    0.0124    0.0811    0.0463    0.0443    0.0189    0.0064    0.0121 
 
  Columns 10 through 11  
 
    0.0226    0.0311 
 
 
elecfieldA = 
 
  Columns 1 through 9  
 
    3.7024    2.7514    2.4095    1.7668    2.0364    1.7410    2.7868    2.4344    3.4581 
 
  Columns 10 through 11  
 
    4.6656    3.4646 
 
 
elecfieldB = 
 
  Columns 1 through 9  
 
    1.4015    0.6754    1.0635    1.1569    1.5774    1.5289    1.3522    1.6129    1.1969 
 
  Columns 10 through 11  
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    0.0009    0.0209    0.0221    0.0212    0.0348    0.0075    0.0060    0.0138    0.0120 
 
  Columns 10 through 11  
 
    0.0339    0.0082 
 
 
SARD = 
 
  Columns 1 through 9  
 
    0.0085    0.0278    0.0035    0.0227    0.0130    0.0124    0.0053    0.0018    0.0034 
 
  Columns 10 through 11  
 
    0.0064    0.0087 
 
 
ans = 
 
calculations of expouser asssessment 
 
 
y = 
 
    0.0364 
 
 
ans = 
 
0.79043 
 
the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY** 
 
y = 
 
    0.0201 
 
 
ans = 
 
0.43652 
 
the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY** 
 
y = 
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    0.0154 
 
 
ans = 
 
0.33478 
 
the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY** 
 
y = 
 
    0.0083 
 
 
ans = 
 
0.18 
 
the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY** 
 
y = 
 
    0.0110 
 
 
ans = 
 
0.23913 
 
the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY** 
 
y = 
 
    0.0080 
 
 
ans = 
 
0.17478 
 
the value is less than limited value of expouser level ** see above result FOR 
POWER DENSITY** 
 
y = 
 
    0.0206 
 
 - 73 -
